ABSTRACT GHRS and optical (ESO 3.6 m) observations of the 03f star Melnick 42 in the 30 Doradus complex are reported. A first analysis reveals that with a luminosity of 2.3 x 10 6 L 0 and a present mass of 100 M 0 , Melnick 42 is one of the most luminous and massive stars known. An estimate of abundances indicates that iron and oxygen are very likely reduced by a factor of 4 relative to the Sun, whereas carbon is more strongly depleted and nitrogen is approximately solar. The terminal velocity of the stellar wind is 3000 km s _1 . The mass-loss rate is4x 10 -6 M o yr~ \ with a large uncertainty. The excellent quality GHRS spectrum taken in a crowded region of the LMC demonstrates the superiority of the HST for quantitative ultraviolet spectroscopy of hot stars in other galaxies.
INTRODUCTION
We report on observations made with the Goddard HighResolution Spectrograph (GHRS) of Melnick 42 (Brey 77), a very hot, massive star in the 30 Doradus complex in the Large Magellanic Cloud (LMC; Melnick 1985) . Our objectives were (1) to evaluate the capabilities of the GHRS for crowded-field, faint-object spectroscopy and (2) to investigate the possibility of deriving the basic parameters of a hot star purely from spectroscopic data. Melnick 42 is well suited for both purposes. Since the star lies in the LMC, its distance is well known (m -M = 18.57; Panagia 1991) , and so the spectroscopically derived parameters can be verified. Since the LMC has a low metal content relative to the Galaxy (Dufour 1984; Barlow 1990; Dopita 1990) , we can learn how chemical composition affects the wind velocity and rate of mass loss from this star.
In this Letter, we report on the first observational results regarding the basic parameters of the star and its wind. We leave to a later paper the full theoretical interpretation of the observations. In § § 2 and 3, we describe the ultraviolet and optical spectrum of Melnick 42. In § 4, we describe our analyses of the UV wind spectrum, with a summary in § 5.
OBSERVATIONS AND DATA REDUCTION
The operation of the GHRS is fully described in the " GHRS Handbook V2.0" by Ebbets & Duncan (1989) . We first obtained two series of FP-SPLIT spectra using the G140L grating with the star centered in the Large Science Aperture (2"; LSA and the other, 1490-1750 Â. The star was then slewed to the Small Science Aperture (0"2; SSA), and the observations were repeated. The short-wavelength SSA spectra took 29 minutes, while the long-wavelength spectra took 116 minutes. The FP-SPLIT option provides a series of spectra at four different grating positions. To combine these exposures, we estimated the wavelength offset of each spectrum with respect to the first by cross-correlating interstellar lines, shifting the spectrum by the appropriate amount, and co-adding. We applied dispersion constants derived from spectra of the internal platinum lamp, taken immediately before observations of Melnick 42, to obtain heliocentric wavelengths for each data point. Most interstellar lines are resolved in the SSA spectrum into Galactic and LMC components, which on average, are at radial velocities of +56 km s _1 and +257 km s _1 , respectively. The radial velocity of the photospheric spectrum is +261 km s _1 , based on a comparison of a spectral region containing many Fe and Ni lines (1350-1450 Â) with a synthetic spectrum. We therefore adjusted the wavelength scale by 261 km s _1 to put the spectrum in the rest frame of the star.
We compared the LSA and SSA spectra of Melnick 42 with respect to efficiency, spectral resolution, and line profile accuracy. We found that due to spherical aberration and spacecraft jitter, the throughput of the SSA is considerably lower than that of the LSA: by a factor of 5.0 at 21150, 4.5 at Lya, and 4.0 at C iv 1550. However, SSA spectra are not degraded by a loss of spectral purity ; they achieve the full instrumental resolution (0.6 Â for grating G140L). We deconvolved the LSA spectrum using a line-spread function derived from ultraviolet FOC pictures of isolated stars. Although we tried several different methods (cf. Lindler 1990), all of which gave similar results, we could not reproduce the depth of the absorption components of saturated wind features seen in the SSA spectrum. We attribute this difference to continuous emission from faint neighboring stars within the LSA, which are masked out by the SSA.
For scientific purposes we therefore worked only with the normalized SSA spectra. We found that we could best estimate the continuum level after applying an absolute flux calibration (based on observations of the standard star, BD +75°325) and HEAP ET AL. dereddening the spectrum (cf. § 3). In addition, we corrected the wind line profile of N v A1240 for extinction by Lya, using N col {ga\) = 1 x 10 21 cm -2 and iV col (LMC) = 5 x 10 21 cm -2 . Figure 1 shows the resultant normalized profiles of the major wind features. The high signal-to-noise of the GHRS spectra (estimated at 20 for N v A1240 and 34 at C iv 21550) provides a precise definition of these wind line profiles. Note that the C iv wind feature shows narrow, high-velocity (0.830 absorption in each doublet component.
LUMINOSITY AND ANALYSIS OF THE OPTICAL SPECTRUM
Spectrograms of Melnick 42 were first obtained by Melnick (1985) at the European Southern Observatory (ESO). He classified the spectrum as 03f, based on the absence of stellar He i 24471. In parallel with the GHRS observations, optical spectra were obtained by one of us (S. V.) with the ESO 3.6 m telescope and its Cassegrain echelle spectrograph (CASPEC). These high-dispersion echellograms reveal that He i 24471 is indeed present, although it is weak and partially obscured by nebular emission. From this line and profiles of Hy and He n 24542, we derive the stellar parameters: T eff = 42,500 ± 2000 K, log <7 = 3.5 ± 0.15, N(Hc)/N(H) = 0.10-0.15, and v TOt = 200-250 km s" 1 , using NLTE model photospheres. CCD photometry of the 30 Doradus region by J. Parker (1990, private communication) gives V = 12.64, B-V = 0.06, and 17 -R = 0.84 for Melnick 42. Taking a LMC distance modulus of m -M = 18.57 (Panagia 1991 ) and V 0 = 11.40, we derive a stellar radius of R = 28 R 0 ( see Kudritzki 1980 ). The bolometric luminosity is then L bol = 2.3(±0.4) x 10 6 L 0 , where the quoted errors correspond to uncertainties in T e ff only. We also derived the luminosity by comparing the reddening-corrected UV and visible continuum to models with the above Teff We obtain a best fit for a foreground color excess E(B -V) = 0.06, and LMC halo E(B-V) = 0.04, a 30 Dor region E(B-V) = 0.10 (E. L. Fitzpatrick, private comminication), and a 30 Dor central region E(B -V) = 0.20. Except for the 30 Dor region, which has a unique extinction law (Fitzpatrick 1985) , the extinction is of a " Galactic type " in the UV (Savage & Mathis 1981; Fitzpatrick & Savage 1984) . This continuum fit yields a L bol = 2.5 x 10 6 L 0 . When compared to Maeder's (1990) Figure 1 . Although we show the fits to all of these lines in Figure 1 , we concentrate only on the C iv and N v lines in this Letter. We obtain = 3000 km s -1 and ß = 0.7-1.0, parameters in the wind velocity law v(r) ae 1^(1 -RJr) ß . For most wind lines, a simplified opacity law suffices: i(vv) ~ w y , where w = t^r)/^. We obtain y = -0.3 for C iv and -2.5 for N iv. For N v, a more complex opacity law is needed, and even then the fit is not as good as for the other lines.
The line fits contain information about the stellar mass-loss if the ionization fractions, q = N ion /N el , and abundances can be determined. To estimate q we found it necessary to integrate over the theoretical ionization stratification rather than taking q at one specific point in the wind (e.g., at w = 0.5) and applying it throughout, as is usually done. In this way we obtain a mass-loss rate from the N v and C iv resonance doublets : A more accurate determination of mass-loss rate and abundances requires a more elaborate analysis. We report here the first results. Figure 2 compares the full GHRS spectrum of Melnick 42 compared with the spectrum of a self-consistent, NLTE, hydrodynamical, radiation-driven wind model calculated for T eff = 42,500 K, log g = 3.55, R = 26 R Q , and solar abundances. The mass-loss rate of the model is 7.6 x 10" 6 M 0 yr" 1 and is 2300 km s~ ^ (For the physics of the models, see Pauldrach et al. 1990 and references therein.) The comparison implies that carbon and oxygen must be underabundant, whereas a solar abundance for nitrogen might be in order, and most strikingly, iron (which produces much of the absorption between 1370 and 1480 Â) is underabundant. Figure 3 compares the observations with a theoretical model computed with most metal abundances reduced by a factor of 4 relative to solar; the exceptions are nitrogen with solar abundance and carbon reduced to one-twentieth of solar. The mass-loss rate of the model is 4.1 x 10 -6 M 0 yr -1 and is 2900 km s -1 , in agreement with the results from the wind-line fitting in § 3. The fits of N iv, N v, C iv, and O v are reasonable; Si iv is probably contaminated by photospheric and/or interstellar contributions. The Fe v features are now a bit weaker than observed, but this is most likely due to the fact that the model does not include a photospheric contribution (cf. Hubeny, Heap, & Altner 1991) . The only striking discrepancy in Figures 2 and 3 is the He n 21640 line. This line, together with He n 24686 and Ha emission in the optical spectra, indicates higher opacity in these lines than produced by the models. This discrepancy is presently under investigation.
These self-consistent calculations illustrate the complex interdependence of metallicity and the properties of the wind. A change in metallicity affects the optical thickness in the He n continuum and therefore the ionization state of the wind. The changed ionization in turn affects the acceleration of the wind and can compensate for a lower metallicity. For SMC stars, metallicity effects normally dominate ionization effects. However, in the LMC star Melnick 42, ionization effects apparently dominate. Thus, lowering the metallicity by a factor of 4 results in an increase in v oe from 2300 to 2900 km s~1 (cf. Fig. 2 vs. Fig. 3) . Kudritzki & Hummer (1990) have shown that the mass-loss parameters, and M, can be used to determine stellar masses and radii. We therefore calculated and M as a function of mass and radius using the analytical approach of Kudritzki et al. (1989) and the force multiplier parameters corresponding to the model spectrum pictured in Figure 3 purely spectroscopic method, this is a precise determination of stellar mass, more reliable than the masses derived from evolutionary tracks or log g (see § 3). Conversely, if we adopt log M = -5.4 + 0.2 and the same terminal velocity, we obtain R = 26(-l-6, -4) AE 0 > which leads to a LMC distance modulus ET AL. of m -M = 18.5 ± 0.5 mag. In principle, this confirms the potential of the method. However, the mass-loss rate is too uncertain for this to be regarded as an independent determination of distance.
5. SUMMARY First, the GHRS has obtained excellent spectra of a very massive hot star in a crowded region of the LMC-a project impossible for IUE because of its coarser spatial resolution and lower limiting signal-to-noise ratio. This success bodes well for future HST observations of OB stars in the Magellanic Clouds. Second, modern techniques of quantitative spectral analysis make possible a first determination of stellar parameters, including abundances and mass-loss rate. Because of the observed emission strengths of He n A1640, He n A4686, and Ha, the mass-loss rate must be regarded as uncertain. We are presently working to reduce this uncertainty. Finally, with a luminosity of 2.3 x 10 6 L 0 and a present mass of 100 M 0 , Melnick 42 is one of the most luminous and massive stars known. It is important to note that WF/PC images of the region containing Melnick 42 do not indicate any multiplicity in this object. We regard this as a convincing proof of the existence of very massive stars.
